Measuring Fracture Toughness of Agar Gel by Avendano, Alex
Department of Mechanical Engineering
Knowledge. Innovation. Leadership.     www.me.iastate.edu
Measuring Mechanical Properties of Agar 
Gel
Alex Avendano
Dr. Pranav Shrotriya
Department of Mechanical Engineering
ISU McNair Scholars Program
Iowa State University
Department of Mechanical Engineering
Knowledge. Innovation. Leadership.     www.me.iastate.edu
Overview
• Introduction
• Background 
• Problem
• Methodology
• Results
• Conclusion
• References
Department of Mechanical Engineering
Knowledge. Innovation. Leadership.     www.me.iastate.edu
Introduction
• High-Intensity Ultrasound (HIFU) provides a prospect of 
noninvasive and safe surgery.
• HIFU can deliver energy without harming the intervening 
tissue along the acoustic propagation path.
• Histotripsy: HIFU technology that ablates tissue by forming 
micron-sized cavitating bubbles or transient boiling
• There is a need to characterize tissues and relate 
mechanical properties to histotripsy’s ablative ability
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Mechanical Properties Overview
• Ji = Measurement of energy required to grow a thin crack on a material
• Kic = Describes ability of a material containing a crack to resist fracture
• E = Measurement of the stiffness of the material
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Creation of Agar Gel Samples
• Mixed agar and PVA powder in different ratios into 300 mL 
boiled distilled water , stirred solution until it became 
transparent.
• Mass ratio of agar powder was changed among 0, 1.5, and 3 
g while PVA mass was changed among 0, 1.5, and 3 g
• Cooled solution down at room temperature and placed at 
vacuum chamber for 6h, 12h, and 18h to dispel gas bubbles
• Total of 2 agars for each combination were created (36 total)
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Measuring Young’s Modulus
• Placed agar sample in load-indenter 
setup
• Performed indentation of agar sample by 
moving the sample upward at 0.1 mm/s 
toward the fixed sensor
• Obtained force through calibrated linear 
relationship with voltage signal
• Determined Young’s Modulus by least-
square-curve fitting the load-indentation 
curve and finding the slope
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Measuring Fracture Toughness
• Experimentally measure the critical load
- Used similar load-indenter setup with cracked agar sample 
and fixing a portion of the  sample in the platform 
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Measuring Fracture Toughness
• Created an FEA model of the agar loading experiment using Abaqus CAE 
and measured Young’s Modulus with following assumptions:
- 2-D linear geometry, elastic material behavior, Poisson’s Ratio = 
0.4, applied pressure load, modeled crack to end portion of sample, 
boundary conditions at left edge and lower corner point, linear load step 
of 1
• Computationally measured the strain energy release rate and calculate fracture 
toughness
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Abaqus CAE Model
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Results
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Conclusion
• Young’s Modulus increases with decreased agar/PVA ratio and 
setting time
• Ability to create samples with different Young’s Modulus at constant 
fracture toughness
• Need to improve model assumptions and features in order to create 
more accurate and reliable results (material behavior, load step, 
mesh)
• Future work includes modifying fracture toughness model for 
hyperelastic behavior, applying a more refined load step/mesh and 
relate properties with measured lesion dimensions during 
ultrasound experiments 
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